Abstract-Human safety is an important issue when handling the crowd evacuation in order to avoid death and injuries. Human behavior changes from normal to panic behavior when they are in an emergency scenario such as building on fire. Modelling panic behavior on evacuee is a critical challenge as the human movement is unpredictable. Simulation (example: Discrete Event Simulation and AgentBased Simulation) is a well-known method to investigate crowd evacuation. But the question here is: Which simulation method is suitable to model a realistic representation of crowd evacuation? Thus, in this paper, a simulation model based on Agent-Based Simulation (ABS) and Social Force Simulation (SFS) Model is proposed to improve on modelling fire evacuation in a closed space (building). To achieve the above research aim, three simulation models (ABS Model, SFS Model and a hybrid of ABS and SFS model) will be developed and compared. This paper will discuss on the development of conceptual model of these three simulation models. Later, the conceptual models will be used to represent the investigated simulation models
I. INTRODUCTION
The research of simulation model has been widely conducted in entertainment, crowd planning and management, traffic flow, architectural design and other similar applications for several decades ago [1] [2] [3] [4] . From the literature review, many parties like industries, researchers and academicians studied about the human behavior. [5] . Normally, a simulation model is look like the real system of the phenomenon or scenario [6] . It is usually with the basic rules and general principles. A simulation model is an instrument to represent the real system. It is also as a support tool for prediction and decision making [7] . Moreover the simulation model use for examining the space and flow of traffic during both normal and emergency crowd circumstances [5] . These simulation models can acquire the more understanding in a present framework through the testing situation based on the particular simulation tools. The challenge in this topic is the difficulty of modeling the crowd evacuation due to diversity of human behavior [8] . In addition, to modeling the human behavior as realistic as possible is crucial for a good design [9] . Other than that, the non-linear human interactions in panic scenario are under extreme conditions [10] . The crowd condition getting rise because of the capturing the collective, emergence and randomize individual behavior [11] .
The goal of this work is to have an improved and effective simulation model which is mimicking the panic scenario as real life case study [12] . Despite the aim of this research is divided into two elements as follows. A hybrid technique is combinatorial of two or more techniques which provide a greater advantage and to carry out the improved simulation model for crowd evacuation [13] [14] [15] . The second goal is to focus on the safety element which is to minimize the human exposure risk as an important component of the crowd evacuation [16] .
The proposed model for simulating the crowd evacuation is using Social Force Model (SFM), Agent-based Simulation (ABS) and hybrid of SFM & ABS. These models are capable to dealing with human behavior for emergency scenario which is in building on fire [8, 17, 18] . On the other hand, the significance of the safety crowd evacuation simulation model is for the accurate prediction of any modification, plan and changes [19] . In order to have a safety crowd evacuation, some elements should be considered in this work. This may affecting the evacuation plan for the emergency cases happen as stated by [20] .
The main contribution in this paper is the theoretical and conceptual model. Other than that, the work leads to meaningful simulation results; more efficient, realistic and accurate for simulation model as stated in the research goal [21, 22] . Figure 1 depicts a whole picture for this paper which is describing the significance for the model of safety crowd evacuation. The rest of this paper is organized as follows. Section II reviews the related work of the research. Section III presents the research framework. Section IV discusses the result, outcome and recommendation as a future works. Section V concludes this paper.
II. RESEARCH WORK

A. Research scope
As explained in the introduction, it is clear that the proposed technique will produce an improved simulation model for crowd evacuation. In terms of investigating the criteria for safety crowd evacuation, we need to consider some factors and attributes for simulating the fire emergency in a building [16, 23] . This paper consider the panic situation (evacuees' behavior) which is people or individual have restricted information and vision; because of a high density of crowd and for egress is shorter time [24] . All these elements will be discussed in details in the following section. In order to validate the models, the work comes with the experimental studies accordance to produce an improved model for the crowd evacuation. [25] . Thus, the crowd evacuation simulation seems to be an important tool to design a realistic scenarios in the building such as stadium, factory, shopping mall and etc.
[10] [26] .
B. Approach/ Model
What is mean by crowd and crowd evacuation? How to model the crowd evacuation based on the case studies?
What approach or technique can be used to modeling the simulation of crowd evacuation? This paper will describe and answer all the questions as above. It is the fundamentals of the evacuation simulation and the next section will provide the proposed conceptual model.
The crowds happen whenever the group of interacting individuals. It is trampling caused by panic [5] . Despite the term of crowd give some different description, but the evacuation of egress involve the movement in the crowd and can be described on different levels. Crowd involve two or more objects; people, vehicle, particles and etc. And they are communicating and interacting each other at same location, during the same period and for the same purpose [5] .
In addition, crowd evacuation is according because of the phenomena such as panic escape, congestion, clogging, egress behavior, arching, effects of obstacles, jamming, fire and etc. The model of crowd movement and flow related to defining, comprehend and forecasting a group of crowd behavior [11] . Basically, there are three forms of models are exist; Microscopic, Mesoscopic and Macroscopic. [11] . The microscopic model is heterogeneous which focus on the detailed individual behavior is. Additionally, this model allows predicting the movement of individual evacuees and will be described and traced [11] .
The next one is about the macroscopic model. It is also known as continuum model which has aggregated variables and observes on the parameters such as densities of bottlenecks and etc. [11, 12] . The third model is the mesoscopic models; the position and velocity of individual pedestrians are described using probability distributions. Normally, it is focused on the elements in both models the individual behaviors in the large crowd densities; Microscopic and Macroscopic [1] .
The three techniques will be used for modelling the crowd evacuation of fire emergency scenario which is SFM, ABS and hybrid of SFM and ABS. Then, the paper will discuss the significance and motivation of these three techniques. The first one is, the three techniques already chosen because of the other techniques such as Cellular Automata (CA) & Lattice Gas (LG) is not appropriate to use which make pedestrian walk at or within a fixed node or grid. This approach does not allow each individual to move around in an unrestricted manner (not realistic) [13, 14] . SFM and ABS has been chosen because they are capable of dealing with individual behavior to cater the issues on crowd evacuation. and population. It also has better reflect the phenomenon of pedestrian traffic especially in an evacuation or move to egress. ABS is the newest, intelligent, and straightforward model for the complex human behavior; free movement patterns. In addition, it is autonomous, responsive, and interactive behavior. On the other hand, the hybrid technique is use for gain better simulation result [1] and it is more popular, powerful, and flexible as stated by [13] .
C. Tools and Technology
There are many types of simulation tools to model the crowd evacuation for fire emergency scenario.
The software either open source or proprietary can be used to simulate the crowd evacuation. It was reviewed and elected based on the technology and the simulation tool which support the techniques of SFM and ABS. As we know, to simulate the real case studies and the panic individual is difficult and should take into account the element of cost and safety. As we discussed before, the aim for the simulation is to have a safety crowd evacuation.
The result of the experiment is expected to have the efficient and realistic simulation model. To facilitate it, this work will use AnyLogic software as a simulation tool for the development. Anylogic can simulate the crowd evacuation with SFM technique because of it can describe the phenomena realistically [27] . In addition, ABS is used to model a complex and dynamic system for the crowd evacuation. SFM and ABS are used to observe the individual behavior and interactions [28] .
On the other hand, the modeling tool is needed as a purpose to develop a simulation to modeling the safety crowd evacuation based on the case studies. The modeling tool is based on the evacuees, building and the systems (e.g. building management system) [4] . There are some parameters, attributes and factors need to be considered which influence the experiment result of the crowd evacuation simulation. The details of these elements will discuss later for a conceptual framework for the simulation model. Next section will elaborate about the research framework.
III. RESEARCH FRAMEWORK
In this section, we describe the research framework for this work. The paper organization is starting with the case study description, then data collection. And then, continue with the conceptual model development, model implementation, verification and validation and the last one is experimentation and results. Figure 2 shows the crowd evacuees modules as a fundamental of the action for crowd evacuation simulation model. The main goal in the crowd evacuation is to have a plan evacuation route and the evacuees make the movements for egress. As we focus on the individual behavior of panic situation in the case study of fire emergency scenario, the element of social force needs to consider. As stated before, the motivation and significance to use SFM is because of the influence of the social force. It is considered the behavior of following, communicate and interactions with the evacuees. Fig. 2 .
A. Modules and methods
The crowd evacuees modules Basically, the plan of evacuation route is based on the evacuees' familiarity. This element will take action by the ABS as an active agent [29] . Figure 3 shows the theory design of fire emergency scenario for the basic flow or movement in the building. The goal of evacuation is egress and move to the exit. As stated by [27, [29] [30] [31] [32] [33] [34] , the attributes of the exit door, exit width, the location of the fire and the moving distance to the exits will be considered. Figure 4 presents the different scenarios; the location of fire, the group of evacuees and the evacuation route using one exit (even though there are two exits). Figure 5 provides the number of the obstacle which is set from 1 to 3. R is the radius of the obstacle and represented as the blue circle (blue dots). The theory design of panic scenario for several attributes such as the number of exit and obstacle has been drawn as in figure 4 and figure 5 [35] . It is for the purpose of obtaining the walking and escape speed (calculate the velocity as one of an attribute to be considered in this work).
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B. Process flow
The figure 6 shows the development of process flow for implementing the crowd evacuation simulation tool. It is based on the proposed framework by [4] . The foundation of implement the conceptual model to a simulation tool can refer to the figure 3 as described in the previous section. It can be summarized that the exit door/gate and exit width are the most significance one. These are the main attributes and factors which affecting the safety crowd evacuation. The significance of the safety node in emergency moving plan is to ease the evacuees for the safety crowd evacuation.
The preliminary studies provide the draft of movement path layout and observe the human behavior in order to model the evacuation in a simulation tool. Other than that, it ease the evacuees to understand and follow the plan as stated (affecting the safety evacuation). Figure 7 depicts the process flow for the exit to egress of a crowd evacuation. The regular flow of a crowd evacuation movement is as in this figure. This flow does not promise and aiming for the safety evacuation. The typical scenario happens when the escape slows down and the evacuees fell or injured and the worst case may cause death. This is the condition of "faster is slower" which panics can be triggered the delays and makes the evacuees' traffic be slower. The illustration for the crowd trying escape and the orientation of egress to the exit door was proposed by [36] as in figure 8 and 9 . The illustration of the evacuees' movement is started from the black circle; firstly the evacuee will touch the wall/ any obstacle. Then the evacuee starts to turn to the left hand side or right hand side direction. And the third one, the evacuee will move along the wall and finally the evacuee left the room (egress) [37] . 
C. Conceptual Model
One of the outcome or results from this paper is the proposed framework for this research work on the crowd evacuation simulation model. Figure 10 depicted the conceptual model for fire emergency scenario in the crowd evacuation simulation. It is based on three case studies and will have the experiment to validate and verify these three models. The three models are SFM, ABS and a hybrid of SFM and ABS based on the purpose to have an improved simulation model. The next part describes the model structure and model perspective of crowd evacuation. 
D. Model Structure
From the previous section, it describes the proposed simulation model and the conceptual model for the crowd evacuation. Now we will point the model structure. The possible evacuation tasks and flow have been described by [21] . It shows the emergent behavior of the crowd evacuation as in figure 11 . The actions are either egress or do preparation before egress. It relates to the four elements of actions. These can be represented by the technique of SFM and ABS in the evacuation simulation model. Figure 12 depicts the model structure for the crowd evacuation of fire emergency scenario.
It is consists of egress action for crowd evacuation. This case study is in the building and our research also focuses on the evacuees' behavior. The main elements need to be pointed are the path selection and evacuation actions (in the algorithm). The hypothesis of this research is as Ho 1 defined by the researchers in the project, (Ho 1) single of SFM and ABS shows no significant difference in the simulation results when modeling the evacuees' behavior compared with hybrid SFM/ABS. 
E. Crowd Evacuation Perspective
From the Figure 13 , it shows the crowd evacuation perspective as a contribution for this research paper. We consider all the highlighted (as depicted in the figure) in our work as the research scope. As define in the previous section, it is focused on the human behavior (evacuees) for crowd evacuation. It is related to fire emergency scenario which is pointed the panic situation. All the elements in this perspective as in figure 13 were already discussed in this paper.
IV. RESEARCH OUTCOME As we described before, there are three of contribution as the research outcome in this paper. We came out with a new perspective of crowd evacuation to point the research scope. Other than that, we have already proposed an improved model to simulate the case study based on the technique. It will do as experimental case studies for the better result (using single approaches and a hybrid model for the simulation). Before implement by developing the simulation tool, and then follows with experiment for the three case study. Before it, we have already constructed a conceptual model with the theoretical design of the simulation of safety crowd evacuation.
V. CONCLUSION
The research work is focused on the fire emergency scenario in the building based on the three case studies. It also considers the panic situation in order to study the evacuees' behavior. To have a realistic model for the crowd evacuation is impractical of cost and safety (real crowds). We proposed an improved model to simulate the safety crowd evacuation in a goal of avoiding injuries and death. Other than that, we aim to investigate the performance of the techniques and their characteristic. Most of the researchers justify that the hybrid model may result in better ways, powerful, popular choice, and flexibility as describe by [5, 38] . We will come out with the results and analysis with the case studies experimentation.
In terms of to have a safety crowd evacuation, we need to consider most significance elements such as parameters, attributes and factor those will influence the simulation results. The proposed techniques will use SFM, ABS and hybrid of SFM and ABS. This is followed by the Microscopic model which pointed the heterogeneous element; the individual behavior.
It was already discussed about the tools and technology, and also considered the proposed model with the techniques based on case studies (using the three techniques for modeling and simulating the crowd evacuation). Other than that, in the research framework, modules and methods, the process flow, the crowd and evacuation illustration, the theoretical design, model structure and a new perspective of crowd evacuation has been discussed.
The outcome and contribution of this paper is an improved model for simulating the crowd evacuation. However, it followed by a preliminary study with a new perspective as described above. We also consider for the future works as we will produce and publish the conceptual framework with parameters, attributes, factors and etc. Other than that, it can consider all the categories of human behavior such s physical, social and psychological. Later on, it will come out with the proposed conceptual framework for the further research work.
